Chapter 10 



Problem 10.1 


10.1 Knowing that the torsional spring at B is of constant K and that the bar AB is 
rigid, determine the critical load P„, 
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Problem 1 0.9 


10*9 Determine the critical load of a wooden meter stick which has a 7 x 24-mm 
rectangular cross section. Use E - 12 GPa. 
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Problem 10.10 


JO. JO Determine the critical load of a round wooden dowel that is 0.9 m long and 
has a diameter of (a) 10 mm, (6) 15 mm. Use E ~ 12 GPa. 
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Problem 1 0.1 1 


10.11 Determine the dimension d so that the aluminum and steel struts will have 
die same weight, and compute the critical load for each strut. 
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Problem 10.12 


10.12 Determine (a) the critical load for the steel strut, (b) the dimension cl for 
which the aluminum strut will have the same critical load, (c) Express the weight 
of the aluminum strut as a percent of the weight of the steel strut. 
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Problem 10,13 


10,13 A compression member of I.5-m effective length consists of a solid 30- 
mm-diameter brass rod. In order to reduce the weight of the member by 25%, the 
solid rod is replaced by a hollow rod of the cross section shown. Determine (a) 
the percent reduction in the critical load, (h) the value of the critical load for the 
hollow rod. Use E- 105 GPa. 
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Problem 10.14 


10.14 A column of effective length L can be made by gluing together identical 
planks in either of the arrangements shown. Determine the ratio of the critical 
load using the arrangement a to the critical load using the arrangement b . 
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Problem 10.15 


10.15 A column of 6-m effective length is to be made from three plates as shown. 
Using E ~ 200 GPa, determine the factor of safety with respect to buckling for a 
centric load ofl 6 kN« 
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10.16 and 10.17 A compression member of 3.6 m effective length is 
made by welding together two 102 X 76 X 6.4 mm steel angles as shown. Us- 
ing E = 200 GPa, determine the allowable centric load for the member if a 
factor of safety of 2.5 is required. 
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Problem 1 0.1 7 


10.16 and 10.17 A compression member of 3.6 m effective length is 
made by welding together two 102 X 76 X 6.4 mm steel angles as shown. Us- 
ing E = 200 GPa, determine the allowable centric load for the member if a 
y factor of safety of 2.5 is required. 
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/0./£ A single compression member of 8.2-m effective length is obtained by 
connecting two C 200 * 17.1 steel channels with lacing bars as shown. Knowing 
that the factor of safety is 1.85, determine the allowable centric load for the 
member. Use £ “ 200 GPa and d ~ 1 00 mm. 
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Problem 1 0.1 9 



10,19 Members AB and CD are SO-mm-diameter steel rods, and members BC and 
AD are 22-mm-diaraeter steel rods. When the tumbuckle is tightened, the 
diagonal member AC is put in tension. Knowing that a factor of safety with 
respect to buckling of 2.75 is required, determine the largest allowable tension in 
AC Use E “ 200 GPa and consider only buckling in the plane of the structure. 
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Problem 1 0.20 


10.20 Knowing that a factor of safety of 2.6 is required* detemiine the largest load 
P that can he applied to the structure shown. Use E « 200 GPa and consider only 
buckling in the plane of the structure. 
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Problem 10.21 


l, = 2m 


10.21The uniform aluminum bar AB has a 20 x 36~mm rectangular cross section 
and is supported by pins and brackets as shown. Each end of the bar may rotate 
freely about a horizontal axis through the pin, but rotation about a vertical axis is 
prevented by the brackets. Using E “ 70 GPa, determine the allowable centric 
load P if a factor of safety of 2.5 is required. 
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Problem 10,22 



10.22 Column AB carries a centric load F of magnitude 60 kN. Cables 
BC and BD are taut and prevent motion of point B in the xz plane. Using Euler's 
formula and a factor of safety of 2.2, and neglecting the tension in the cables, 
determine the maximum allowable length L . Use E - 200 GPa. 
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Problem 10.23 



10.23 A W200 X 3.1.3 mlied-stee! shape is used with the support and ca- 
ble arrangement shown in Proh. 10.21. Knowing that L — 7 ro> determine the al- 
lowable centric load F if a factor of safety of 2.2 is required. Use E ™ 200 GPa. 


10.22 Column AB carries a centric load P of magnitude 60 kN- Cables 
BC and BD are taut and prevent motion of point B in the ax plane. Using Euler's 
formula and a factor of safety of 2.2, and neglecting the tension in the cables, 
determine the maximum allowable length L Use E — 2(H) GPa. 
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Problem 1 0-24 



10.24 A 25-nim'Square aluminum slrut is maintained in the position 
shown by a pin support at A and by sets of rollers at B and C that prevent ro- 
tation of the strut in the plane of the figure. Knowing that L AB ~ 0.9 m, de- 
termine («) the largest values of L uc and L CD that may be used if the allowable 
load P is to be as large as possible, ( b ) the magnitude of the corresponding al- 
lowable load. Consider only buckling in the plane of the figure and use E ~ 
72 GPa. 
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Problem 10.25 


10.25 Column ABC has a uniform rectangular cross section with £ ^ 12 mm and d 
~ 22 mm. The column is braced in the xz plane at its midpoint C and carries a 
centric load P of magnitude 3.8 kN. Knowing that a factor of safety of 3.2 is 
required, determine the largest allowable length L . Use E ~ 200 GPa. 
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Problem 10.26 


1 0,26 Column ABC has a uniform rectangular cross section and is braced in the xz 
plane at its midpoint C (a) Determine the ratio bid for which the factor of safety 
is the same with respect to buckling in the xz and yz planes, (b) Using the ratio 
found tn part a y design the cross section of the column so that the factor of safety 
will be 3,0 when P - 4,4 kN, L - ! m, and E ~ 200 GPa. 
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Problem 1 0.27 


10.27 Each of the five struts consists of an aluminum tube that has a 32-mm outer 
diameter and a 4~mm wall thickness. Using £ = 70 GPa and a factor of safety of 
23, determine the allowable load Po for each support condition shown. 
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Problem 10,28 


10.28 Two columns are used to support a block weighing 14 kN in each 
of the four ways shown, (a) Knowing that the column of Fig. (I) is made of 
steel with a 30- mm diameter, determine the factor of safety with res|>ect to 
buckling for the loading shown, (b) Determine the diameter of each of the other 
columns for which the factor of safety is the same as the factor of safety obtained 
hi part a . Use E ~ 200 GPa. 
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Problem 10.29 


CL) 



10.29 The line of action of the 300-JtN axial load is parallel to the 
geometric axis of the column AB and intersects the jc axis at x = 15 mm. Us- 
ing E ~ 200 GPa, determine (a) the horizontal deflection of the midpoint C of 
the column, (b) the maximum stress in the column. 
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Problem 10.30 


10.30 An axial load P of magnitude 560 kN is applied at a point on the x axis at a 
distance e - 6 mm from the geometric axis of the W200 * 46.1 rolled-steel 
column BC. Using E ~ 200 GPa, determine (a) the horizontal deflection of end C, 
(b) the maximum stress in the column. 
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Problem 10.31 


1031 An axial load P - 15 kN is applied at point D that is 4 mm from the 
geometric axis of the square aluminum bar BC . Using E » 70 GPa, determine (a) 
the horizontal deflection of end C, (b) the maximum stress in the column. 



A - (3o) X - ‘Too < 10 C>xlO~ C 

I a 75 - (S^XZo) 1 * £7.5x10^: Cl.S » l<>~* 

C, ” 77 ( Sc*) ~ t £ ivim ~ 0,0lSkv> - l j x[ 


U - ~ 6^ ~ ). 3 wi 

p - rr* E-I 1 r*(7QK/o 4 k67.gxfcr n l 

lev L* ' aa'lV 


= 32.38S- xlO*U 
£. _ i^~ . 

^ ' 37.3*5' 


- 32.3,85" 
O. ^C,3I 8 


(.a.) 


>•* 


& t sec, ( %-JJr- ) ~ = (H x/& 3 )[$ec 6*3/15 ) - I "] 

(^x/o' i )[s£o(l.065?O‘0 - l] = 3ice v[c?" 3 ^ 


a) 


K*.** ?(e + _yj -• 



* 4* 33. vnwi 

()5"v/t)' i )(^x<o" 3 + 4. 3166 */cr’ i ‘) = IW.IS N**vi 


1-5"* ■ 024.75^69. 013^ 

?W x|o' s G7.S* 


= H4. N /O c Rt 

£*** 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. All rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 




Problem 10,32 


10.32 An axial load P is applied fo the 36-mm-diametcr steel rod AS 
as shown. When P ~ 90 kN, it is observed that the horizontal deflection of the 
midpoint C is 0.8 imn. Using E ~ 200 GPa, determine (a) the eccentricity e 
of the load. ( h ) the maximum stress in the rod. 
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Problem 10.33 


1033 An axial load P is applied to the 32-mm-square aluminum bar BC as shown. 
When P ” 24 kN, the horizontal deflection at end C is 4 mm. Using E- 70 GPa, 
determine (a) the eccentricity e of the load, ( b ) the maximum stress in the rod. 



I S £ (,3X.'f r 87.3SIS - 87. 3$ 13 * 10 ’’™* 

fX - ( 32 )*- * ' f.OXH * I©* " I.OZH*l o~ s »v, + 


Le a XL - teXo.fi's'i * 1.30 m 

o _ 7f l BL _ V (7o* , /Q <> 'i(''g7. 3315* > o") 

icr ~ Le* (J-' 2 ’ 0 ')* 

- 3S. J7\S»\d> h) * $S„1Z)'S kN 


_P ZM 

1ST 


0.67/86 


e[~c(|£M‘ e[^ec(fVo.6T.8 6)- l] 


LZ31SH - / ] = 2.S7SO e 






(b) M, 




w 7.578 0 2.S78& 

P (e+ )[/.55;Wo*7 if v/o'!] «r 


£ = l.SSX 

133. ZH- A/- m 



^‘/y/P 3 4 (i3>3.g.HYo.ot<Q 

I.O^ylO-* ' $1.3$ 1 3*-/ o' 1 


¥7.8x/o 6 fk 
<W=47.SMP^-« 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. AH rights reserved. No part of this Manual may he displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 




Problem 10.34 


10.34 The axial load P is applied at a point located on the x axis at a distance e 
from the geometric axis of the rolled-steel column BC . When P = 350 kN, the 
horizontal deflection of the top of the column is 5 mm. Using E » 200 GPa, 
determine (a) the eccentricity e of the load, (b) the maximum stress in the column. 
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Problem 1 0.35 



10.35 A brass pipe having the cross section shown has an axial load P 
applied 4 mm from its geometric axis. Using E “ 120 GPa, determine (a) the 
load P for which the horizontal deflection at the midpoint C is 5 mm, (b) the 
corresponding maximum stress in the column. 
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Problem 1 0.36 


125 mm 






10*36 Solve Prob. 10.35, assuming that the axial load P is applied 
8 mm from the geometric axis of the column. 

10.35 A brass pipe having the cross section shown has an axial load P 
applied 4 mm from its geometric axis. Using B — 120 GPa, determine (a) the 
load P for which the horizontal deflection at the midpoint C is 5 mm* (h) the 
corresponding maximum stress in the column. 
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Problem 1 0.37 



10.37 An axial load P is applied at a point located on the x axis at a 
distance e ~ 12 mm from the geometric axis of the W250 X 58 rolled-steel 
column BC. Using E = 200 GPa, determine (a) the load P for which the hor- 
izontal deflection of the top of the column is 15 mm, (b) the corresponding 
maximum stress in the column. 
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Problem 1 0.38 


10.38 The line of action of an axial load P h parallel to the geo- 
metric axis of the column AB and intersects the x axis at x ~ 20 mm. Using 
E ~ 200 GPa, determine («) the load P for which the horizontal deflection of 
the midpoint C of the column is 1 2 mm, ( b ) the corresponding maximum stress 
in the column. 
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Problem 1 0.39 


10.39 An axial load P is applied at a point located on the x axis at a distance e = 
!2 mm from the geometric axis of the W310 x 60 rolled-steel column 2?C. 
Assuming that L -.3.5 m and using E ~ 200 GPa, determine (a) the load P for 
which the horizontal deflection at end C is 15 mm, ( b ) the corresponding 
maximum stress in the column. 
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Problem 1 0.40 



10.40 Solve Prob. 10.39, assuming that L is 4.5 m. 

10.39 An axial load P is applied at a point located on the x axis at a distance e - 
12 mm from the geometric axis of the W310 * 60 rolled-steel column BC. 
Assuming that L = 3.5 m arid using E = 200 GPa, determine (a) the load P for 
which the horizontal deflection at end C is 15 mom, ( b ) the corresponding 
maximum stress in the column. 
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Problem 1 0.41 



10,41 The steel bar AB has a 10 * 10~mm square cross section and is held by pins 
that are a fixed distance apart and are located at a distance e ~ 0.9 mm from the 
geometric axis of the bar. Knowing that at temperature T 0 the pins are in contact with 
the bar and that the force in the bar is zero, determine the increase in temperature for 
which the bar will just make contact with point C if d - 0.3 mm. Use E ~ 200 GPa 
and the coefficient of thermal expansion a * 1 1.7 x 10^/°C. 
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Problem 1 0.42 


-e *= 0.9 mm 


(I ^ *j - j j 0.1 in 


10.42 For the bar of Prob, 10.4 1 , determine the required distance d for which the bar 
will just make contact with point C when the temperature increases by 60 °C 

10.41 Hie steel bar AB has a 1 0 * i0-mm square cross section and is held by pins 
that are a fixed distance apart and are located at a distance e - 0.9 mm from the 
geometric axis of the bar. Knowing that at temperature the pins are in contact with 
the bar and that the force in the bar is zero, determine the increase in temperature for 
which the bar wilt just make contact with point C if d ~ 0.3 mm. Use E ™ 200 GPa 
and the coefficient of thermal expansion a- 1 1.7 * lO'V’C. 
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Problem 1 0.43 



10.43 A pipe having the cross section shown is used as a 3-m column. 
For the grade of steel used o> — 252 MPa and E - 200 GPa. Knowing that a 
factor of safety of 2.8 with respect to permanent deformation is required, de- 
termine the allowable load P when the eccentricity e is («) 8 mm, ( b ) 4 mm 
(Hint: Since the factor of safety must be applied to the load P, not to the stress, 
use Fig, 10,24 to determine fY). 
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Problem 1 0.44 


10.44 Solve Prob. 10.43, assuming that the length of the column is 
increased to 4,2 m. 

10.43 A pipe having the cross section shown is used as a 4,2 m column. 
For the grade of steel used a Y = 252 MPa and E = 200 GPa. Knowing that a 
factor of safety of 2,8 with respect to permanent deformation is required, de- 
termine the allowable load P when the eccentricity e is ( a ) 8 mm, (b) 4 mm 
(Hint: Since the factor of safety must be applied to the load P, not to the stress, 
use Fig. 10.24 to determine P y ). 
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Problem 1 0.45 


10.45 An axial load P is applied to the W250 x 44.8 rolled-steel column BC that 
is free at its top C and fixed at its base B. Knowing that the eccentricity of the 
load is e “ 12 mm and that for the grade of steel used ay ~ 250 MPa and E ~ 200 
GPa, determine (a) the magnitude of P of the allowable load when a factor of 
safety of 2.4 with respect to permanent deformation is required, (b) the ratio of the 
load found in part a to the magnitude of the allowable centric load for the column. 
*/| (See hint of Prob. 10.43). 
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Problem 1 0.46 


10.46 Solve Prob. 10.45, assuming that the length of the column is reduced to 1.6 
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10.45 An axial load P is applied to the W250 x 44.8 rolled-steel column BC that 
is free at its top C and fixed at its base £. Knowing that the eccentricity of the 
load is e - 12 mm and that for the grade of steel used a Y ~ 250 MPa and E “ 200 
GPa, determine (a) the magnitude of P of the allowable load when a factor of 
safety of 2.4 with respect to permanent deformation is required, (6) the ratio of the 
load found in part a to the magnitude of the allowable centric load for the column. 
(See hint of Prob. 10.43). 
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Problem 1 0.47 



10*47 A 100-kN axial load P is applied to the W 150 x 18 rolled-steel column BC 
that is free at its top C and fixed at its base B , Knowing that the eccentricity of 
the load is e - 6mm, determine the largest permissible length X if the allowable 
stress in the column is 80 MPa. Use E “ 200 GPa. 
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Problem 1 0.48 



10.48 A 250~kN axial load F is applied to the W200 x 35.9 rolled-steel column BC 
which is free at its top C and fixed at its base B. Knowing that the eccentricity of the 
load ise ~ 6mm, determine the largest permissible length L if the allowable stress in 
the column is 80 MPa. Use E~ 200 GPa. 
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Problem 1 0.49 



10.49 Axial loads of magnitude P = 600 kN are applied parallel to 
the geometric axis of the W250 X 80 rolled-steel column AH and intersect 
the x axis at a distance e from the geometric axis. Knowing that — 84 
MPa and E “ 200 GPa, determine the largest permissible length L when 
(a) e ~ 6 mm, (b) e — 12 mm. 
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Problem 1 0.50 


10.50 Axial loads of magnitude P ™ 580 kN are applied parallel to the geometric 
axis of the W250 * 80 rolled-steel column AS and intersect the x axis at a distance 
e from the geometric axis. Knowing that o B n ~ 75 MPa and E ~ 200 GPa, 
determine the largest permissible length l when (a) e = 5 mm (b) e = 10 mm. 
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Problem 10.51 


1 0.51 An axial load of magnitude P ~ 220 kN is applied at a point located on the x 
axis at a distance e ~ 6 mm from the geometric axis of the wide-flange column 
BC. Knowing that E * 200 GPa, choose the lightest W200 shape that can be used 
ifoait - 120 MPa 
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Problem 1 0.52 
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10.52 Solve Prob. 1 0.5 1, assuming that the magnitude of the axial load is P- 345 
fcN. 

10.51 An axial load of magnitude P - 220 kN is applied at a point located on the x 
axis at a distance e ~ 6 mm from the geometric axis of the wide-fiange column 
BC . Knowing that E ~ 200 GPa, choose the lightest W200 shape that can be used 
iftfaii™ 1^0 MPa. 
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Problem 1 0.53 



10.53 A 54 kN axial load is applied with an eccentricity e ~ 10 mm to the circular 
steel rod BC that is free at its top C and fixed at its base B. Knowing that the stock 
of rods available for use have diameters in increments of 4 mm from 44 mm to 72 
mm* determine the lightest rod that may be used if o a{ *» 1 1 0 MPa. Use E ~ 200 GPa. 
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Problem 1 0.54 


5ate 




10.54 Solve Prob. 10.53, assuming that the 54 kN axial load will be applied to the 
rod with an eccentricity, e = £ d. 

10.53 A 54 kN axial load is applied with an eccentricity e - 1 0 mm to the circular 
steel rod BC that is free at its top C and fixed at its base B. Knowing that the stock 
of rods available for use have diameters in increments of 4 mm from 44 mm to 72 
mm, determine the lightest rod that may be used if a.,, = 110 MPa. Use £= 200 GPa. 
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Problem 1 0.55 



10,55 Axial loads of magnitude P — 175 kN are applied parallel to the 
geometric axis of a W250 X 44,8 rolled-steel column AB and intersect the axis 
at a distance e = 12 mm from its geometric axis. Knowing that ay ~ 250 MPa 
and E ~ 200 GPa, determine the factor of safety with respect to yield. (Hint: 
Since the factor of safety must be applied to the load P, not to the stresses, use 
Fig. 10.24 to determine /V) 
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Problem 1 0.56 



10.56 Solve Prob. 10.55, assuming that e — 0.16 mm and P — 155 kN. 

10.55 Axial loads of magnitude P = 175 kN are applied parallel to the 
geometric axis of a W250 X 44.8 rolled-steel column AB and intersect the axis 
at a distance e — 12 mm from its geometric axis. Knowing that oy — 250 MPa 
and E = 200 GPa, determine the factor of safety with respect to yield. (Hint: 
Since the factor of safety must be applied to the load P, not to the stresses, use 
Fig. 10.24 to determine P Y ) 
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Problem 1 0.57 


- .125 ifim- 


10*57 A steel pipe having the cross section shown is used as a column. Using the 
AISC allowable stress design formulas, determine the allowable centric load if the 
effective length of the column is (a) 6 m, ( h ) 4 m. Use a Y - 250 MPa and E * 200 
GPa. 
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Problem 10.58 


10.58 A column with the cross section shown has a 4-m effective length. 
Using allowable stress design, determine the largest centric load that can be 
applied to the column. Use a Y = 250 MPa and E = 200 GPa. 
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Problem 1 0.59 


10.59 Using allowable stress design, determine the allowable centric load for a 
column of 6-m effective length that is made from the following rolled-steel shape: 
(a) W200 x 35.9, (*) W200 x 86. Use <r Y = 250 MPa and E = 200 GPa. 
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Problem 10.60 


10.60 A W200 X 46.1 rolled-steel shape is used to form a column of 
6-m effective length. Using allowable stress design, determine the allowable 
centric load if the yield strength of the grade of steel used is (a) <r Y — 250 
MPa, (b) <t y - 345 MPa. Use E = 200 GPa. 


Sfcei* £ - WZMX4£>*I A ’ £2 (rotirj' ft..-* 

U= 6 to Lg/t' - 
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^ r Hrf-' -sHc")*] i(o'W) 1 ] - 744 m/??, 
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(b) <sv r T ic^.97 

L« /V > C t r 2 * ({. /r )*• r 74^*7 2 . A?, 
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Problem 1 0.61 


10.61 A column having a 3.5-m effective length is made of sawn lumber with a 
114 x 140-mm cross section. Knowing that for the grade of wood used the 
adjusted allowable stress for compression parallel to the grain is ac ~ 7.6 MPa and 
the adjusted modulus E — 2.8 GPa, determine the maximum allowable centric load 
for the column. 
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Problem 10.62 10 - 62 A sawn lumber column with a 190 X 140-mm cross section has 

a 5.5-m effective length. Knowing that for the grade of wood used the ad- 
justed allowable stress for compression parallel to the grain is cr c — 8.5 MPa 
and that E = 9 GPa, determine the maximum allowable centric load for the 
column. 
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Problem 1 0.63 


10.63 Bar AB is free at its end A and fixed at its base B. Determine the 
allowable centric load P if the aluminum alloy is (a) 6061 -T6, (b) 2014-T6. 
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Problem 1 0.64 


10.64 A compression member has the cross section shown and an 
effective length of 1.5 m. Knowing that the aluminum alloy used is 6Q61-T6, 
determine the allowable centric load. 
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Problem 1 0.65 


10.65 and 10*66 A compression member of 9-m effective length is obtained by 
welding two lO-mm-thick steel plates to a W250 * 80 rolled-steel shape as shown. 
Knowing that <ry “ 345 MPa. and E ~ 200 GPa and using allowable stress design, 
determine the allowable centric load for the compression member. 
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Problem 1 0.66 


10.65 and 10.66 A compression member of 9-m effective length is obtained by 
welding two 10-mm-thick steel plates to a W250 x 80 rolled-steel shape as shown. 
Knowing that a Y ™ 345 MPa. and E = 200 GPa and using allowable stress design, 
determine the allowable centric load for the compression member. 
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Problem 10.67 


10.67 A compression member of 2.3~m effective length is obtained by bolting 
together two 127 * 76 * 12.7-mm steel angles as shown. Using allowable stress 
design, determine the allowable centric load for the column. Use ay ~ 250 MPa. 
and £^200 GPau 
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Problem 1 0.68 



10.68 A column of 6-m effective length is obtained by connecting two 
C250 X 30 steel channels with lacing bars as shown. Using allowable stress 
design, determine the allowable centric load for the column. Use <r y ~ 250 
MPa and E « 200 CiPa. 
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Problem 10.69 



10.69 A rectangular column with a 4>4-m effective length is made of glued 
laminated wood. Knowing that for the grade of wood used the adjusted allowable 
stress for compression parallel to the grain is <x c «* 8.3 MPa and the adjusted 
modulus E ~ 4.6 GPa, determine the maximum allowable centric load for the 
column. 
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Problem 10.70 


tOinm mm 



1 0.70 An aluminum structural tube is reinforced by riveting two plates to 
it as shown for use as a column of 1.7-m effective length. Knowing that all ma- 
terial is aluminum alloy 2014-T6, determine the maximum allowable centric load. 
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Problem 10.71 



10.71 An 75~kN centric load is applied to a rectangular sawn lumber 
column of 6.5-m effective length. Using sawn lumber for which the adjusted 
allowable stress for compression parallel to the grain is <t c ~ 7.3 MPa and 
knowing that E = 10 GPa, determine the smallest square cross section that 
may be used. Use b ” 2d. 
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Problem 10.72 



turn .. . 

i 25 irmi - »' V ’ 

: am 




10.72 A column of 2J-m effective length is to be made by gluing together 
laminated wood pieces of 25 x 1 50~mm cross section. Knowing that for the grade 
of wood used the adjusted allowable stress for compression parallel to the grain is 
oc ™ 7.7 MPa and the adjusted modulus is E ~ 5 A GPa, determine the number of 
wood pieces that must be used to support the concentric load shown when (a) P - 
52 kN, (b) P ~ 108 kN. 
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Problem 1 0.73 


10.73 The glued laminated column shown is free at its top A and fixed at its base B. 
Using wood that has an adjusted allowable stress for compression parallel to the 
grain ac - 9.2 MPa and an adjusted modulus of elasticity E- 5.7 GPa, determine 
the smallest cross section that can support a centric load of 62 kN. 
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Problem 10.74 

ip 



10.74 A 72~kN centric load must be supported by an aluminum column as shown. 
Using the aluminum alloy 6061 ~T6> determine the minimum dimension b that can be 
used. 
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Problem 1 0.75 


10,75 A 280-kN centric load is applied to the column shown, which is free at its top 
A and fixed at its base B. Using aluminum alloy 2014-T6, select the smallest 
square section that can be used. 
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Problem 10.76 



10.76 Ail aluminum tube of 90-mm outer diameter is to carry a centric load of 120 
kN. Knowing that the stock of tubes available for use are made of alloy 2014-T6 
and with wait thicknesses in increments of 3 mm from 6 mm to 15 mm, determine 
the lightest tube that can be used. 
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Problem 1 0.77 


10.77 A centric load P must be supported by the steel bar AB. Using allowable 
stress design, determine the smallest dimension d of the cross section that can be 
used when (a) P = 108kN, (b)P^ 166 kN. Use a y - 250 MPa and E = 200 OPa. 



d - So. 125 * lo'Vi r - 8.616 x/o'* 


U _ 1.4 

r - a.Gitw o- 


=• ICO.11> 12 S*. 66 


d * SO. 
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Problem 1 0.78 


10.78 A column of 4.5-m effective length must carry a centric load of 900 kN. 
Knowing that <r y ~ 345 MPa and E - 200 GPa, use allowable stress design to select 
the wide41ange shape of 250-mm nominal depth that should be used. 


r V tv 1 


'b. 40 
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Problem 1 0.79 


10,79 A column of 6.8~m effective length must carry a centric load 
of 1200 kN. Using allowable stress design, select the wide-flange shape of 350- 
mm nominal depth that should be used. Use cr Y = 350 MPa and E = 200 GPa, 
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Problem 10.80 


tv'Ce. K’ii \~ioia * 
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1.67 
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10.80 A column of 4.6-m effective length must carry a centric load of 525 kN. 
Knowing that ay- 345 MPa and K — 200 GPa, use allowable stress design to select 
the wide-flange shape of 200-mm nominal depth that should be used. 
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Problem 1 0.81 
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10.81 Two 89 x 64-mm angles are bolted together as shown for use as a column of 
2,4-m effective length to carry a centric load of 1 80 kN. Knowing that the angles 
available have thicknesses of 6.4 mm, 9,5 mm, and 12.7 mm, use allowable stress 
design to determine the lightest angles that can be used. Use try - 250 MPa and E 
~ 200 GPa, 
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Problem 10.82 
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10.82 Two 89 x 64-mm angles are bolted together as shown for use as a column of 
2.4-m effective length to carry a centric load of 325 kN. Knowing that the angles 
available have thicknesses of 6.4 mm, 9.5 mm, and 12.7 mm, use allowable stress 
design to determine the lightest angles that can be used. Use ay - 250 MPa and E 
- 200 GPa. 
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Problem 10.83 
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150 mm 


10.83 A square steel tube having the cross section shown is used as a 
column of 7.8-m effective length to carry a centric load of 260 kN. Knowing 
that the tubes available for use are made with wall thicknesses ranging from 6 
mm to 18 mm in increments of 1.5 mm, use allowable stress design to deter- 
mine the lightest tube that can be used. Use try — 250 MPa and E — 200 GPa. 
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Problem 10.84 


64 mm 64 mm 


10.84 Two 89 x 64-mm angles are bolted together as shown for use as a column of 
2.4-m effective length to carry a centric load of 325 kN. Knowing that the angles 
available have thicknesses of 6*4 mm, 9,5 mm, and 12.7 mm, use allowable stress 
design to determine the lightest angles that can be used. Use a y « 250 MPa and E ® 
200 GPa. 
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Problem 10.85 



* 10.85 A rectangular tube having the cross section shown is used as a 
column of 4.4-m effective length. Knowing that a Y — 250 MPa and E — 200 
GPa, use load and resistance factor design to determine the largest centric live 
load that can be applied if the centric dead load is 220 IcN. Use a dead load fac- 
tor y D — 1.2, a live load factor y L ~ 1.6 and the resistance factor <f> = 0.85. 
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Problem 1 0.86 


10.86 A column with a 5,8-m effective length supports a centric load, with ratio of 
dead to live load equal to 1 .35. The dead load factor is yp ~ 1.2, the live load factor 
Yl ~ 1 .6, and the resistance factor <p * 0,90. Use load and resistance factor design 
to determine the allowable centric dead and live loads if the column is made of the 
following rolled-steel shape: (a) W250 x 67, (b) W 360 x 1 01 . Use a Y =* 345 MPa 
and E ~ 200 GPa. 
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Problem 1 0.87 
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* 10.87 The steel tube having the cross section shown is used as a col- 
umn of 4.5-m effective length to carry a centric dead load of 210 kN and a 
centric Live load of 240 kN. Knowing that the tubes available for use are made 
with wall thicknesses in increments of 2 mm from 4 mm to 10 mm, use load 
and resistance factor design to determine the lightest tube that can be used. Use 
cr Y “ 250 MPa and E — 200 GPa. The dead load factor y D — 1.2, the live load 
factor y t — 1.6, and the resistance factor — 0.85. 
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Problem 10.88 


10.88 A steel column of 5.5~m effective length must cany a centric dead load of 310 kN 
and a centric live load of 375 kN. Knowing that ny - 250 MPa and E ~ 200 GPa, use 
load and resistance factor design to select the wide-flange shape of 310-mm nominal 
depth that should he used. The dead load factor - 1 .2, the live load factor yi ~ 1 .6 and 
the resistance factor <p » 0.90. 
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Problem 1 0.89 



10.89 A column of 5.5~m effective length is made of the aluminum alloy 2014-T6, 
for which the allowable stress in bending is 220 MPa. Using the interaction 
method, determine the allowable load P, knowing that the eccentricity is (a) e - 0, 
(b) e ~ 40 mm. 
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Problem 10.90 


10.90 Solve Prob. 10.89, assuming that the effective length of the column is 3.0 m. 
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10.89 A column of 5.5-m effective length is made of the aluminum alloy 2014-T6, 
for which the allowable stress in bending is 220 MPa. Using the interaction 
method, determine the allowable load P, knowing that the eccentricity is (a) e = 0, 
(h) e - 40 mm. 
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Problem 10.91 



10.91 A sawn lumber column of 125 X 190-mm cross section has an 
effective length of 2.5 m. The grade of wood used has an adjusted allowable 
stress for compression parallel to the grain a c — 8 MPa and a modulus of elas- 
ticity E “ 8.3 GPa. Using the allowable-stress method, determine the largest 
eccentric load P that can be applied when (a) e - 12 mm, (&) e = 24 mm. 
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Problem 1 0.92 


125 mm 


■imlm 


10.92 Solve Prob. 10.91 using the interaction method and an allowable 
stress in bending of 9 MPa. 

10.91 A sawn lumber column of 125 X 190-mm cross section has an 
effective length of 2.5 m. The grade of wood used has an adjusted allowable 
stress for compression parallel to the grain <r c — 8 MPa and a modulus of elas- 
ticity E — 8.3 GPa, Using the allowable-stress method, determine the largest 
eccentric load P that can be applied when (a) e ~ 12 mm, (b) e *= 24 mm, 
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Problem 1 0.94 


10.94 Solve Prob, 10.93, using e - 60 mm. 



60 mm 

ip 




10,93 A steel compression member of 2.75-m effective length supports an eccentric 
load as shown. Using the allowable-stress method and assuming e ~ 40 mm, 
determine the maximum allowable load P. Use a Y - 250 MPa and E = 200 GPa. 
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Problem 10.95 


z | P = 85 IcN 


25 mm 



10.95 A octangular column is made of a grade qf sawn wood that has an adjusted 
allowable stress for compression parallel to the grain F c - 8.3 MPa and a modulus 
of elasticity E - 1 1 . 1 GPa. Using the allowable-stress method, determine the largest 
allowable effective length L that can used. 
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Problem 10.96 


1 0.96 Solve Pro b. 1 0.95, assuming that P « 1 05 kR 


P « 105 kN 


1 9.95 A rectangular column is made of a grade of sawn wood that has an adjusted 
allowable stress for compression parallel to the grain F c ~ 8.3 MPa and a modulus 
of elasticity it - II .1 GPa. Using the allowable-stress method, determine the largest 
allowable effective length l that can used. 


25 mm 
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Problem 1 0.97 


20 mm 

A 

50-mtn diameter 


I> » 48 kN 




••• -'i; 




‘-I: 


'=||. 

■; 



10.97 An eccentric load P - 48 kN is applied at a point 20 mm from the geometric 
axis of a 50-mm-diameter rod made of the aluminum alloy 6061-T6. Using the 
interaction method and an allowable stress in bending of 145 MPa* determine the 
largest allowable effective length l that can be used. 
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Problem 1 0.98 


10.98 Solve Prob. 10.97, assuming that the aluminum alloy used is 2014-T6 and 
that the allowable stress in bending is 1 80 MPa. 


50 mm diameter 



V =* 48 kN 


10.97 An eccentric load P = 48 kN is applied at a point 20 mm from the geometric 
axis of a 50-mm-diametcr rod made of the aluminum alloy 6061-T6. Using the 
interaction method and an allowable stress in bending of 145 MPa, determine the 
largest allowable effective length L that can be used. 
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Problem 1 0.99 


P = 170 kN 


10.99 The compression member AB is made of a steel for which cry - 250 MPa and 
E ~ 200 GPa. It is tree at its top A and fixed at its base 5, Using the 
allowable-stress method, determine the largest allowable eccentricity e x , knowing 
that (a) e y ~ 0, (b) e y - B mm. 
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Problem 1 0.1 01 


10 mm 




10.101 A column of 4>2-m effective length consists of a section of steel 
tubing having the cross section shown. Using the allowable-stress method, deter- 
mine the maximum allowable eccentricity e if (a) P ™ 220 kN, (b) P — 140 kN. 
Use o- r - 250 MPa and E = 200 GPa. 
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Problem 10.102 



100 mm-* 
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10.102 Solve Prob. 10.101, assuming that the effective length of the 
column is increased to 5.4 m and that (a) P ~ 110 kN, ( b ) P = 70 kN. 

10.101 A column of 4.2-m effective length consists of a section of steel 
tubing having the cross section shown. Using the allowable-stress method, deter- 
mine the maximum allowable eccentricity e if (ri) P — 220 kN, ( b ) P — 140 kN, 
Use a Y = 250 MPa and E — 200 GPa. 
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Problem 10.103 



10.103 A sawn lumber column of rectangular cross section has a 2.2-m effective 
length and supports a 41 kN load as shown. The sizes available for use have b equal 
to 90 mm, 140 mm, 190 mm and 240 mm. The grade of wood has an adjusted 
allowable stress for compression parallel to the grain o c ~ 8.1 MPa and £=8,3 GPa, 
Use the allowable-stress method to determine the lightest section that can be used. 
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Problem 1 0.1 04 


10*104 Solve Prob. 1 0. 1 03, assuming that e ~ 40 mm* 



e ~ 80 mm 


10,103 A sawn lumber column of rectangular cross section has a 2.2-m effective 
length and supports a 4 1 kN load as shown. The sizes available for use have b equal 
to 90 mm, 140 mm, 190 nun and 240 mm. The grade of wood has an adjusted 
allowable stress for compression parallel to the grain a c ^8*1 MPa and B - 8 3 GPa. 
Use the allowable-stress method to determine the lightest section that can be used. 
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Problem 1 0.1 05 



10.105 The eccentric load F has a magnitude of 85 kN and is applied at a point 
located at a distance e ~ 30 mm from the geometric axis of a rod made of the 
aluminum alloy 6016-T6. Using the interaction method with a 140-MPa 
allowable stress in bending, determine the smallest diameter d that can be used. 
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Problem 10.106 


diameter <7 




10.106 Solve Prob. 10.105, using the allowable-stress method and assuming that 
the aluminum alloy used is 2014-T6. 

10.105 The eccentric load P has a magnitude of 85 kN and is applied at a point 
located at a distance e = 30 mm from the geometric axis of a rod made of the 
aluminum alloy 60I6-T6. Using the interaction method with a 140-MPa 
allowable stress in bending, determine the smallest diameter d that can be used. 
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Problem 10.107 


P = 130 kN 



JL„_ + 


10*107 A compression member of rectangular cross section has an 
effective length of 0.9 m and is made of the aluminum alloy 2014-T6 for which 
the allowable stress in bending is 165 MPa. Using the interaction method, 
determine the smallest dimension d of the cross section that can be used when 
e ~ 1 0 mm. 
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P= 130 kN 



10,108 Solve Prob. 10.107, assuming that e — 5 nun. 

10,107 A compression member of rectangular cross section has an 
effective length of 0.9 m and is made of the aluminum alloy 2014-T6 for which 
the allowable stress in bending is 165 MPa. Using the interaction method, 
determine the smallest dimension d of the cross section that can be used when 
e = 10 mm. 
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Problem 1 0.1 1 0 


18 mm - 



10.110 Solve Prob. 10.109, assuming that the effective length is 1.62 m 
and that the magnitude P of the eccentric load is 128 kN. 

10.109 A compression member made of steel has a 720-mm effective 
length and must support the 198~kN load P as shown. For the material used 
a y ™ 250 MPa and E - 200 GPa. Using the interaction method with an al- 
lowable bending stress equal to 150 MPa, determine the smallest dimension d 
of the cross section that can be used. 
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Problem 10.111 


e 20 mm ~H 


10*111 A steel tube of 80-mm outer diameter is to carry a 93-kN load P with an 
eccentricity of 20 mm. The tubes available for use are made with wall thicknesses 
in increments of 3 mm from 6 mm to 1 5 mm. Using the allowable-stress method, 
determine the lightest tube that can be used. Assume B *= 200 GPa and a Y 5=5 250 
MPa. 
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Problem 1 0.1 1 2 


10 A 12 Solve Prob. 10.1 11, using the interaction method with P ~ 165 kN, e ~ 15 
ram, and an allowable stress in bending of 1 50 MPa. 



10,11! A steel tube of 80-mm outer diameter is to carry a 93-kN load P with an 
eccentricity of 20 mm. The tubes available for use are made with wall thicknesses 
m increments of 3 mm from 6 mm to 1 5 mm. Using the allowable-stress method, 
determine the lightest tube that can be used. Assume E - 200 GPa and <ry ~ 250 
MPa. 
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10.113 A steel column having a 7. 2 m effective length is loaded ec- 
centrically as shown. Using the allowable stress method, select the wide- flange 
shape of 350~mm nominal depth that should be used. Use cr Y = 250 MPa and 
E - 200 GPa. 
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Problem 10.114 



10.114 Solve Prob, 10.1 13 using the interaction method, assuming that 
cry — 350 MPa and an allowable stress in bending of 200 MPa. 

10.113 A steel column having a 7.2-m effective length is loaded ec- 
centrically as shown. Using the allowable stress method* select the wide- flange 
shape of 350- mm nominal depth that should be used. Use cr y = 250 MPa and 
E - 200 GPa. 
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Problem 10.115 


10.115 A steel compression member of 5.8-m effective length is to support a 
296-kN eccentric load P. Using the interaction method, select the wide-flange 
shape of 200-mm nominal depth that should be used. Use E = 200 GPa, ay ~ 250 
MPa, and 0$\ ~ 150 MPa in bending. 
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Problem 10.116 



10JI6 A steel column of 7.2-m effective length is to support an 83-kN eccentric 
load P at a point Z>, located on the x axis as shown. Using the allowable-stress 
method, select the wide-flange shape of 250-mm nominal depth that should be 
used. Use E - 200 GPa and try - 250 MPa. 
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Problem 1 0.1 1 7 


10.117 The steel rod BC is attached to the rigid baryi# and to the fixed 
support at C. Knowing that G — 77 GPa, determine the critical load P cr of the 
system when d = 12 mm. 
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Problem 1 0.1 1 8 



10,118 The rigid bar AD is attached to two springs of constant k and is in 
equilibrium in the position shown* Knowing that the equal and opposite loads P 
and P’ remain vertical , determine the magnitude P# of the critical load for the 
system. Each spring can act in either tension or compression. 
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Problem 10.119 10.119 a column of 3-m effective length is to be made by welding together two 

Cl 30 x 13 rolled-steel channels. Using E - 200 GPa, determine for each 
arrangement shown the allowable centric load if a factor of safety of 2 A is 
required. 
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Problem 10.120 


10.120 Member AB consists of a single Cl 30 x 10.4 steel channel of length 2.5 m. 
Knowing that the pins A and B pass through the centroid of the cross section of 
the channel, determine the factor of safety for the load shown with respect to 
buckling in the plane of the figure when 0 = 30°. Use E ~ 200 GPa. 
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10.121 A 25-mtTKsquare aluminum strut is maintained in the position 
shown by a pin support at A and by sets of rollers at H and C that prevent 
rotation of the strut in the plane of the figure. Knowing that L AH ~ 0,9 m, 
L H(: — J.2 m, and L CD — 0,3 m, determine the allowable load I* using a factor 
of safety with respect to buckling of 3.2, Consider only buckling in the plane 
of the figure and use E — 72 GPa, 
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Problem 1 0,1 22 


10.122 Knowing that P - 5.2 kN, determine the factor of safety for the structure 
shown. Use E ~ 200 GPa and consider only buckling in the plane of the structure. 


22-nun diameter 
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Problem 1 0.1 24 


10.124 A column is made from half of a W360 x 216 rolled-steel shape, with the 
geometric properties as shown. Using allowable stress design, determine the 
allowable centric load if the effective length of the column is (a) 4.0 ni, (/>) 6.5 m. 
Use oy - 345 MPa and E = 200 GPa. 




A ~ 13.8 X tO 3 mm 2 
l x = 26.0 X !0 ft mm 4 
/„ = 142.0 X I0 fi mm 4 
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j. — 100 mm — >-| 


f 0. 725 A compression member has the cross section shown and an ef- 
fective length of 1.5 m. Knowing that the aluminum alloy used is 2014 T6 t 
determine the allowable centric bad* 


k 0 ~ iOC MM - b 0 -2t * MM. 
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Problem 10.126 10.126 A column of 5-m effective length must carry a centric load of 

950 kR Using allowable stress design, select the wide-flange shape of 250- 
mm nominal depth that should be used. Use <r K « 250 MPa and E = 200 GPa, 
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Problem 10.127 



70 . *1 kJO*’ 


J0J27 A 32-kN vertical load P is applied at the midpoint of one edge of the 
square cross section of the aluminum compression member AB that is free at its 
top A and fixed at its base B . Knowing that the alloy used is 6061 -T6 and using 
the allowable-stress method, determine the smallest allowable dimension d . 
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Problem 10.128 



10J28 A 180-kN axial load P is applied to the rolled-steel column 
BC at a point on the x axis at a distance e — 62 mm from the geometric axis 
of the column. Using the allowable-stress method, select the wide- flange 
shape of 200-mm nominal depth that should be used. Use E — 200 GPa and 
i Ty — 250 MPa. 
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PROBLEM 10.C1 


J0.C1 A solid steel rod having an effective length of 500 mm is to he used as a 
compression strut to carry a centric load P. For the grade of steel used E « 200 
GPa and a Y =* 245 MPa. Knowing that a factor of safety of 2.8 is required and 
using Euler’s formula, write a computer program and use it to calculate the 
allowable centric load P m for values of the radius of the rod from 6 mm to 24 mm, 
using 2-mm increments. 

SOLUTION 


EVJFF $ AA6 } eFFBCTtve LfNSTH 
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Radius 
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stress 

load 

m 

MPa 

kN 

.006 

71. 1 

2.87 

.008 

126.3 

9.07 

.010 

197.4 

22.15 

.012 

264.2 

39.58 

.014 

386,9 

53.88 

.016 

505.3 

70.37 

.018 

639.6 

89.06 

.020 

789.6 

109.96 

.022 
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133.05 

.024 

1137.0 

158.34 

Below the 

dashed line 

we have: 

critical stress > 

yield strength 



PROBLEM 10.C2 



38fnto 



PUCft-LlfOC-, Jil tf_Z HWJ 



L t - 0.7 L 

BtKKLlNA ikj X g pLAA^g 

U*0SL 


1 0.C2 An aluminum bar is fixed at end A and supported at end B so 
that it is free to rotate about a horizontal axis through the pin. Rotation about a 
vertical axis at end B is prevented by the brackets. Knowing that E — 70 GPa, 
use Euler’s formula with a factor of safety of 2.5 to determine the allow- 
able centric load P for values of b from 20 mm to 38 mm, using 3-mm 
increments. 


SOLUTION 
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PROBLEM 10.C3 



JOINT 5 : 
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10.C3 The pin-ended members A B and BC consist of sections of aluminum pipe 
of 120-mift outer diameter and 10-mm wall thickness. Knowing that a factor of 
safety of 3.5 is required, determine the mass m of the largest block that can be 
supported by the cable arrangement shown for values of h from 4 m to 8 m, using 
0,25-m increments. Use E ~ 70 GPa and consider only buckling in the plane of 
the structure. 


SOLUTION 
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Weight 
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mass 
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stress 

stress 
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BC 


* h 

m 

kN 

kN 

kg 

' w 

4.00 

455.11 

269.7 

7854.88 

2 

4.25 

455.11 

286.6 

8345.80 


4.50 

455.11 

303.4 

8836.74 


4.75 

455.11 

320.3 

9327.66 


5.00 

455.11 

337.1 

9818.59 


5.25 

455.11 

354.0 

10309,52 


5.50 

455.11 

370.8 

10800.45 


5.75 

455.11 

387.7 

11291.38 


6.00 

455.11 

404.5 

11782.31 


6.25. 

455.11 

421.4 

12273.24 


6.50 

455.11 

438.3 

12764.17 


6.75 

455.11 
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13255.10 
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13255.10 
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13255.10 
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455.11 

522.5 

13255.10 


8.00 

455.11 

539.4 
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PROBLEM 10.C4 



W200 x 59 ill;: 


10.C4 An axial load P is applied at a point located on the x axis at a 
distance e — 12 mm from the geometric axis of the W200 X 59 rolled-steel 
column A Using E =■ 200 GPa, write a computer program and use it 
to calculate for values of P from 100 to 300 kN, using 20-kN increments* 
(a) the horizontal deflection at the midpoint C, (b) the maximum stress in 
the column. 

SOLUTION 
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PROBLEM I0.C5 


10. 05 A column of effective length L is made from a rolled -steel shape 
and carries a centric axial load P. The yield strength for the grade of steel used 
is denoted by the modulus of elasticity by E, the cross-sectional area of the 
selected shape by A, and its smallest radius of gyration by r. Using the A1SC 
design formulas for allowable stress design, write a computer program to 
determine the allowable load P. Use this program to solve (a) Prob. 10,59, 
(h) Prob. 10,60, (c) Prob. 10.124. 


SOLUTION 

BHT6K ■ L> E , <Ty 

EvTER PtaPER Tt£5 A, Ky 
PETEtlMINe hlLOWbBLB *TRe$S 
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l/Ku 2 C 


0 .% 77 v 2 E 


' ;. 67 .A/^) a 


IF L/ru z. c 

(T - F ^ 
€ 




I 


r G ~y 


Cf - I 0. 

Vi }M 1 L 
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? ~ <r., A 

«.ii <*'* 


1 (T m 
J ^ 


CONTINUED 



PROBLEM 10.C5 CONTINUED 


pg 06 R/»M OUTPUT 

Problem 10,60 a 

Effective Length ~ 

a - &8bo Hi*r 

ry = 

Yield strength = z^MPfl 
E = ?~oooc>o 


Allowable centroid load: P =» 43 *, £Al 

Problem 10.60 b 

Effective Length « ^ 

A - S8 1>0 
ry - £l'5 Mm 

Yield strength « 34-£ 

E » ZOOCOO Mfa 


Allowable centroid load: P - 437*05^ 

Problem 10.60 a 

Effective Length = 6.00 m 

A - 4580.0 mm* *2 

ry = 40.8 mm 

Yield strength ~ 250.0 MPa 

E = 200 GPa 


Allowable centroid load: P - 217.727 kN 

Problem 10.60 b 

Effective Length * 6.00 m 

A - 11000.0 mm**2 

ry * 53.2 mm 

Yield strength « 250.0 MPa 

E « 200 GPa 


Allowable centroid load: P ~ 858.637 kN 

Problem 10.124 a 

Effective Length = 4.00 m 

A - 13.8 mm* *2 

ry - 43.4 mm 

Yield strength « 345.0 MPa 

E * 200 GPa 


Allowable centroid load: P « 1532 kN 

Problem 10.124 b 

Effective Length = 6.50 m 

A - 13800.0 mm**2 

ry = 43.4 mm 

Yield strength ~ 345.0 MPa 

E - 200 GPa 


Allowable centroid load: P - 638.0 kN 



PROBLEM KLC6 



10.C6 A column of effective length L is made from a rolled-steel shape 
and is loaded eccentrically as shown. The yield strength of the grade of steel 
used is denoted by tr Y) the allowable stress in bending by the modulus 
of elasticity by E, the cross-sectional area of the selected shape by A, and its 
smallest radius of gyration by r. Write a computer program to determine the 
allowable load P> using either the allowable-stress method or the interaction 
method. Use this program to check the given answer for (a) Prob. 10.113, 
(b) Prob, 10.114. 

SOLUTION 

EPT EK. L > ^ > °Y > e 

ZVTER PROPERTIES A ^ 

PE TE RMIME hlloVJfiBl'e strbss 
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).Q 

"Vji " CoFp 




CONTINUED 



PROBLEM 10.C6 CONTINUED 


?R0CRf\M QUlPUr 


Problem 10.113 


Effective Length 
A 
RY 
SX 


Yield strength 
E 


- 2,y boo 
“ 10 J Jnrt*Yi 
“ 3*6 x to 
= 2jrofiAP<t 

“ 200 000 Mfig 


Using Allowable-Stress Method 
Allowable load: P - I5&7 * bP kH 


Problem 10.114 
Effective Length - "7*2 w 

ft *= 

RY * ipt'b ha to 
SX = /6?o Xio* /MM* 
Yield strength « 


E ” ^D6£>t>t3 


Using Interaction Method 
Allowable load: P * /Z/2*7£/ 
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Chapter 11 



Problem 1 1 .1 


11.1 Determine the modulus of resilience for each of the following aluminum 
alloys: 

(a) 1100-HI4: £-70 GPa ay “ 55 MPa 

(b) 2014-T6 E - 72 GPa: = 220 MPa 

(c) 6061 -T6 £ - 69 GPa: a Y - 1 50 MPa 


A| tVM ^ D iVt 7 " 


(a) 


E - 1o « \o' Sx* SS* 1 0 C Pa 


Uv ~ 


<sv 


2£ 
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2ZC,y.\o |^/C* -- 330, kl/^ 
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U ' 2.E ' (7K-72X I O *) 


E - <SV - lsoMO fi P« 


LL 


6b 




QSO^fO^V 

(xXsix lo") 


/63.o //o' 5 ~ K.S.OkJ/V* 


Problem 1 1 .2 


11.2 Determine the modulus of resilience for each of the following 
grades of structural steel: 

(«) ASTM A709 Grade 50: <r Y = 350 MPa 

(b) ASTM A9I3 Grade 65: v Y = 450 MPa 

(c) ASTM A709 Grade 100: rr, » 700 MPa 


S+Aocf oru) sf«e>? E “ »Oa6»Pn -fa-/- ojjl +k*«e s-le«^s ^tVe*. 

(del ^y-SS-oMPa 
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(ZKplo-c xicfl ) 
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6^ - -450 M/°4 


u. 


Gy* _ ( 45TB )0c4 ) 1 
2£ " tn(3o0t(l6«) 


(CO 


(S'y - 7otJ MfA 


O* 


6 T X _ (7o6X/o 4 ) 2 
7E * 


- Sob-J* X/o 5 - ^£>«3 ^>/m» 


tr JlzGYt'? _ / £ 2 5" Icj/ M 3 

? A 2 z? M3 Jrn 3 
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Problem 1 1 .3 


11.3 Determine the modulus of resilience for each of the following 
alloys: 

(a) Titanium: E — 115 GPa, cr Y ~ 875 MPa 

(b) Magnesium: E — 45 GPa, <r Y ~ 200 MPa 

( c ) Cupronickel (annealed): E ~ 140 GPa, rr Y — 125 MPa 


(cl) £~ “ / / j 6^ r $ 7X m /U 

T 2E (zH//5k^ ; ) 

sr 3' 3 3 M-?/** 3 

£ r 45'4Al J T ^<?e Af/& 


(b) 


u 


v 2 e ax45x/on 


(c’l E “ /4o -115 M/ 3 

u, '#'-Ay|r sa n ’ *ss-a ^J,j 


Problem 1 1 .4 


11.4 Determine the modulus of resilience for each of the following metals: 

(а) Stainless steel 

AIS1302 (annealed): E “ 190 GPa ay - 260 MPa 

(б) Stainless steel 2014-T6 

AISI 302 (cold-rolled): E - 190 GPa a Y - 520 MPa 

(c) Malleable cast iron: £ ~ 1 65 GPa ay ~ 230 MPa 
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Problem 1 1 .5 



11,5 The stress-strain diagram shown has been drawn from data ob- 
tained during a tensile lest of a specimen of structural steel. Using E ~ 200 
GPa, determine (a) the modulus of resilience of the steel, (b) the modulus of 
toughness of the steel. 
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Problem 1 1 .6 
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11.6 The stress-strain diagram shown has been drawn from data obtained during a 
tensile test of an aluminum alloy. Using E-12 GPa, determine (a) the modulus of 
resilience of the alloy, (6) the modulus of toughness of the alloy. 
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Problem 1 1 ,7 


11.7 The load-deformation diagram shown has been drawn from data obtained 
during a tensile test of structural steel. Knowing that the cross-sectional area of 
the specimen is 250 mm 2 and that the deformation was measured using a 500-mm 
gage length, determine (a) the modulus of resilience of the steel, (b) the modulus of 
toughness of the steel 
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Problem 11.8 The load-deformation diagram shown has been drawn from data 

obtained during a tensile test of a 18-mm-diameter rod of an aluminum alloy. 
Knowing that the deformation was measured using a 400-nun gage length, 
determine (a) the modulus of resilience of the alloy, ( b ) the modulus of tough- 
ness of the alloy. 
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Problem 1 1 .9 


11,9 Using E — 200 GPa, determine (a) the strain energy of the steel 
rod ABC when P — 35 lcN, (b) the corresponding strain energy density in por- 
tions AB and BC of the rod. 
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Problem 11.10 


I3L10 Using E ~ 200 GPa, determine (a) the strain energy of the steel rod ABC 
when P ~ 25 kN, ( b ) the corresponding strain-energy density in portions AB and BC 
of the rod. 
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Problem 1 1 .1 1 


B 



11.11 A 0.75-in length of aluminum pipe of cross* sectional area 
1190 mm 2 is welded to a fixed support A and to a tig id cap B . The steel rod EF, 
of 18- mm diameter, is welded to cap B. Knowing that the modulus of elas- 
ticity is 200 GPa for the steel and 73 GPa for the aluminum, determine (a) the 
total strain of the system when P - 40fcN, (b) the corresponding strain-energy 
density of the pipe CO and in the rod EF. 

P 

2.. 

Fo,r EF: A ~ ^ d* - lff4<47 


(a) 


CD: 


EF; 




p 2 l 

Z£A 

F g iL 

2EA 


To-XJt O - 


'¥crix7o <?K( o -6) 

Zl ZOOW! (i )C x&t'4-7*<c l ") 


&' c io ij 
t&U l J 


LU +' U fP 




Cb) CD ; 
EF r 


4oo oo 

titfc 


=•■ -33 *6/ mP^ ^ 


40(3 60 

£ 54*4-7 


MV t ^ 


u ' (TKtJT^J 

_ g* /»/? 


~ 0too~7~f j/fo* -«• 

r < 2 * 062 . -7 / 


Problem 11.12 



1L12 Rod AB is made of a steel for which the yield strength is ay = 450 MPa and E 
- 200 GPa; rod BC is made of an aluminum alloy for which a Y ~ 280 MPa and £ ~ 
73 GPa. Determine the maximum strain energy that can be acquired by the 
composite rod ABC without causing arty permanent deformations. 
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Problem 1 1 . 1 3 


1 1.13 Rods AB and BC are made of a steel for which the yield strength is = 300 
MPa and the modulus of elasticity is E = 200 GPa. Determine the maximum strain 
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Problem 1 1 .1 4 



11J4 Rod BC is made of a steel for which the yield strength is oy = 300 MPa and the 
modulus of elasticity is E - 200 GPa* Knowing that a strain energy of 10 J must be 
acquired by the rod when the axial load P is applied, determine the diameter of the 
rod for which the factor of safety with respect to permanent deformation is six* 
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Problem 1 1 .1 5 


68 mm 



Use v^uJ^e 


11.15 Using E = 74 GPa, determine by approximate means the maxi- 
mum strain energy that can be acquired by the aluminum rod shown if the al- 
lowable normal stress is ix^, = 154 MPa, 
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Problem 1 1 .1 6 


1M6 Show by integration that the strain energy of the tapered rod A# is 






Problem 1 1 .1 7 




1 1.17 through 1 1.20 In the truss shown, all members are made of the same material 
and have the uniform cross-sectional area indicated. Determine the strain energy of 
the truss when the load P is applied. 
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Problem 1 1 .1 8 


1 1.17 through 11.20 In the truss shown, all members are made of the same material 
and have the uniform cross-sectional area indicated. Determine the strain energy of 
the truss when the load P is applied. 




Problem 11.19 


11.17 through 11.20 In the truss shown, all members are made of the same 
material and have the uniform cross-sectional area indicated. Determine the strain 
energy of the truss when the load P is applied. 
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Probfom 1 1 .20 11J7 through I1.20 In the truss shown, all members are made of the same material 

and have the uniform cross-sectional area indicated. Determine the strain energy of 
the truss when the load P is applied. 
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Problem 1 1 .21 11.21 In the truss shown, all members are made of aluminum and have the uniform 

cross-sectional area shown. Using E ~ 72 GPa, determine the strain energy of the 
truss for the loading shown. 
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Problem 1 1 .22 


11*22 Solve Prob. 11.21, assuming that the 120-kN load is removed. 



6>C 



11.21 In the truss shown, all members are made of aluminum and have the uniform 
cross-sectional area shown. Using E—12 GPa, determine the strain energy of the 
truss for the loading shown. 
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Problem 11.23 


11.23 through 11.26 Taking into account only the effect of normal stresses, 
determine the strain energy of the prismatic beam A# for the loading shown. 
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Problem 11.27 



11.27 Assuming that the prismatic beam AB has a rectangular cross section, show 
that for the given loading the maximum value of the strain-energy density in the 
beam is 

_ 45 U 

where U is the strain energy of the beam and V is its volume. 
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Problem 11.28 
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11.28 Assuming that the prismatic beam AB has a rectangular cross section, show 
that for the given loading the maximum value of the strain-energy density in the 
beam is 

U ma x 88 *y 

where U is the strain energy of the beam and V is its volume. 
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Problem 1 1 .29 


11. 29 and 1131 Using E~ 200 GPa, determine the strain energy due to bending for 
the steel beam and loading shown. 
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Problem 1 1 .30 


11.30 and 11.32 Using E — 200 GPa, determine the strain energy due 
to bending for the steel beam and loading shown. 
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Problem 1 1 .32 


1 1,31 and 11.32 Using E — 200 GPa, determine the strain energy due 
to bending for the steel beam and loading shown. 
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Problem 11.33 



11.33 The ship at A has just started to drill for oil on the ocean floor 
at a depth of 1500 m. The steel drill pipe has an outer diameter of 200 mm and 
a uniform wall thickness of 12 mm. Knowing that the top of the drill pipe ro- 
tates through two complete revolutions before the drill hit at B starts to oper- 
ate and using (7 — 77 GPa, determine the maximum strain energy acquired by 
the drill pipe. 
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Problem 1 1 .34 



24-inni diameter 




11,34 Rod AC is made of aluminum and is subjected to a torque T applied at C. 
Knowing that G - 73 GPa and that portion BC of the rod is hollow and has an inner 
diameter of 16 mm, determine the strain energy of the rod for a maximum shearing 
stress of 120 MPa. 
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Problem 1 1 .36 

n 

20 MPa 
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iiJ^ The state of stress shown occurs in a machine component made of a brass for 
which ay “ 1 60 MPa Using the maximum-distortbn-energy criterion, determine 
whether yield occurs when (a) a t ~ +45 MPa, ( b ) <r* = ~ 45 MPa 
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Problem 11.37 


! 1.37 llie state of stress shown occurs in a machine comjxment made of a brass for 
which ay- 160 MPa. Using the maximum-distortion-energy criterion, determine 
the range of values of a t for which yield does not occur. 
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Problem 11.38 


11.38 The state of stress shown occurs in a machine component made 
of a grade of steel ibr which <r r — 450 MPa. Using the maxiimim-distortion-erj- 
ergy criterion, determine the factor of safety associated with the yield strength 
when (a) tT y « d-110 MPa, (b) <r y = -110 MPa, 
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Problem 1 1 .39 


11.39 The state of sla*ss shown occurs in a machine component made 
of a grade of steel for which <r y = 450 MPa, Using the maxi mum-di storii on-en- 
ergy criterion, deiermine the range of values of cr v for which the factor of safely 
associated with the yield strength ts equal to or larger than 2.2. 
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Problem 1 1 .41 



*11.41 A vibration isolation support is made by bonding a rod A , of radius R u md a 
tube of inner radius R 2 to a hollow rubber cylinder. Denoting by G the modulus 
of rigidity of the rubber, determine the strain energy of the hollow rubber cylinder 
for the loading shown. 
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Problem 11.42 


11.42 A 6-kg collar has a speed Vo ~ 4.5 m/s when it strikes a small plate 
attached to end A of the 20-mm~diameter rod AB . Using E ~ 200 GPa, 
determine the equivalent static load, (b) the maximum stress in the rod, (c) the 
maximum deflection of end A . 
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Problem 1 1 .43 li.43 A 5-kg collar D moves along the uniform rod and has a speed vo ™ 6 

m/s when it strikes a small plate attached to end A of the rod. Using E ~ 200 
GPa and knowing that the allowable stress in the rod is 250 MPa, determine 
the smallest diameter that can be used for the rod. 
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Problem 1 1 .44 


A c E 


11.44 The 45-kg collar C is released from rest in the position shown and 
is stopped by Plate BDF that is attached the 22-mm-diameter steel r<xl CD and to 
the 16-mm-diameter steel rods AB and EF. Knowing that for the grade of steel used 
<T al , - 165 MPa and E — 2(K) GPa, determine the largest allowable distance //, 
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Problem 1 1 .45 


c: e 



1 1.45 Solve Prob. 1 1 .44, assuming that the 22-mm-diameter steel rod 
CD is replaced by a 22-mm-diameter rod made of an aluminum alloy for which 
<r a ~ 140 MPa and E « 73 GPa> 

1 1.44 The 45-kg collar C is released from rest in the position shown and 
is stopped by Plate BDF that is attached the 22-mnvdiameter steel rod CD and to 
the 16-mm-diameter steel rods AB and EF. Knowing that for the grade of steel used 
rr a j! — 165 MPa and E ~ 200 GPa, determine the laigest allowable distance h. 
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Problem 1 1 .46 


1 1.46 Collar D is released from rest in the position shown and is stopped by a small 
plate attached at end C of the vertical rod ABC. Determine the mass of the collar for 
which the maximum norma! stress in portion BC is 125 MPa. 
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Problem 1 1 .47 


1L47 Solve Prob. II, 46, assuming that both portions of rod ABC are made of 
aluminum. 



1 1.46 Collar!) is released from rest in the position shown and is stopped by a small 
plate attached at end C of the vertical rod ABC 1 Determine the mass of the collar for 
which the maximum normal stress in portion BC is 125 MPa. 
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Problem 11.48 


1.2 m Ml 



11.48 The post AB consists of a sted pipe of 80-mm-diameter and 6-mm wall 
thickness. A 6~kg block C moving horizontally with at velocity v 0 hits the post 
squarely at A. Using E ~ 200 GPa, determine the largest speed v 0 for which the 
maximum normal stress in the pipe does not exceed 180 MPa, 
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Problem 1 1 .49 
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1 1.49 Solve Prob. 1 1 >48, assuming that the post AB consists of a solid steel rod of 
80-mm diameter. 

11.48 The post AB consists of a steel pipe of 80-mm-diameter and 6-mm wall 
thickness. A 64cg block C moving horizontally with at velocity v 0 hits the post 
squarely at A, Using E » 200 GPa, determine the largest speed v 0 for which the 
maximum normal stress in the pipe does not exceed 180 MPa. 
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Problem 11.50 



11.50 The steel beam AB is struck squarely at its midpoint C by a 45-kg block 
moving horizontally with a speed v© “ 2 m/s. Using E ~ 200 GPa, determine the 
equivalent static load, (b) the maximum normal stress in the beam, (c) the 
maximum deflection of the midpoi nt C of the beam. 
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Problem 1 1 .51 


11.51 Solve Prob. 11.50, assuming that the W150 * 13.5 rolled-steel beam is 
rotated by 90° about its longitudinal axis so that its web is vertical. 



11.50 The steel beam AB is struck squarely at its midpoint C by a 45-kg block 
moving horizontally with a speed v 0 * 2 m/s. Using E ** 200 GPa, determine the 
equivalent static load, (b) the maximum normal stress in the beam, (c) the 
maximum deflection of the midpoint C of the beam. 
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Problem 1 1 .52 


11.52 The 20-kg block D is dropped from a height h = 0.18 m onto the 
steel beam AB. Knowing that E ~ 200 GPa, determine (a) the maximum de- 
flection at point E, ( b ) the maximum normal stress in the beam. 
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Problem 1 1 .53 


40 mm | 
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D 

i£1 2 kg 


«— 0.6 m — 


11.53 and 1 1.54 The 2-kg block D is dropped from the position shown onto the end 
of a 16-mm-diameter rod- Knowing that E ~ 200 GPa, determine (a) the 
maximum deflection of end A, (b) the maximum bending moment in the rod, (c) the 
maximum norma! stress in the rod. 
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Problem 1 1 .54 




11* 53 and 1 1.54 The 2-kg block D is dropped from the position shown onto the end 
of a 16-mm-diameter rod. Knowing that E -- 200 GPa, determine (a) the 
maximum deflection of end A, (b) the maximum bending moment in the rod, (c) the 
maximum normal stress in the rod. 
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Problem 1 1 ,55 


1 1.55 A 72-kg diver jumps from a height of 0.5 m onto end C of a diving 
board having the uniform cross section shown. Assuming that the diver’s legs 
remain rigid and using E — 12 GPa, determine (a) the maximum deflection at 
point C, (&) the maximum normal stress in the hoard, (c) the equivalent static 
load. 
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Problem 1 1 .56 
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11.56 A block of weight W is dropped from a height h onto the horizontal beam 
AB and hits it at point D . (a) Show that the maximum deflection y m at point D can 
be expressed as 

where y$ t represents the deflection at D caused by a static load W applied at that 
point and where the quantity in parenthesis is referred to as the impact factor, (b) 
Compute the impact factor for the beam and the impact of Prob. 1 L53. 

11.53 and 1 1.54 The 2-kg block D is dropped from the position shown onto the end 
of a 16-mm-diameter rod. Knowing that E “ 200 GPa, determine (a) the 
maximum deflection of end A, ( b ) the maximum bending moment in the rod, ( c ) the 
maximum normal stress in the rod* 
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Problem 1 1 .57 

wi m 




11.57 A block of weight W is dropped from a height h onto the horizontal beam 
AB and hits point D , (a) Denoting by y m the exact value of the maximum 
deflection at D and by y' m the value obtained by neglecting the effect of this 
deflection on the change in potential energy of the block, show that the absolute 
value of the relative error is (y „ - y^Sym, never exceeding y J2h. (b) Check the 
result obtained in part a by solving part a of Prob, 1 L53 without taking y m into 
account when determining the change in potential energy of the load, and 
comparing the answer obtained in this way with the exact answer to that problem. 

1 1.53 and 1 1 .54 The 2-kg block D is dropped from the position shown onto the end 
of a 16-mm-diameter rod. Knowing that E ~ 200 GPa, determine (n) the 
maximum deflection of end A , (6) the maximum bending moment in the rod, (c) the 
maximum normal stress in the rod. 
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Problem 11.58 


1 1.58 and 11.59 Using the method of work and energy, determine the deflection at 
point D caused by the load P. 
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Problem 1 1 .59 


1 1.58 and 1 1.59 Using the method of work and energy, determine the deflection at 
point O caused by the load P. 
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Problem 1 1 .60 IL60 and 11*61 Using the method of work and energy, determine the slope at point 

D caused by the couple Mo. 





Problem 1 1 .62 


11,62 and 11.63 Using the method of work and energy, determine the deflection at 
point C caused by the load P. 
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Problem 11.63 


11.62 and 1 1.63 Using the method of work and energy, determine the deflection at 
point C caused by the load P. 
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Problem 1 1 .67 


1 1.67 The 20-mm*diameter steel rod BC is attached to the lever AB and to the fixed 
support C. The uniform steel lever is 10 mm thick and 30 mm deep. Using the 
method of work and energy, determine the length L of the rod BC for which the 
deflection at points is 40 mm. Use E - 200 GPa and G ~ 77.2 GPa. 
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Problem 1 1 .68 


1 1.68 Two steel shafts, each of 22- mm diameter, are connected by the 
gears shown. Knowing that G — 77 GPa and that shaft OF is fixed at b\ 
determine the angle through which end A rotates when a 135-N f in torque is 
applied at A. Ignore the strain energy due to the bending of the shafts. 
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Problem 1 1 .69 



11.69 The 20-mm-diameter steel rod CD is welded to the 20-mm-diajneter steel 
shaft AB as shown. End C or rod CD is touching the rigid surface shown when a 
couple Tb is applied to a disk attached to shaft AB . Knowing that the bearings are 
self aligning and exert no couples on the shaft, determine the angle of rotation of 
the disk when T s ~ 400 Nm Use E - 200 GPa and G ” 77.2 GPa. (Consider the 
strain energy due to both bending and twisting in shaft AB and to bending in arm 
CD.) 
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Problem 1 1 .70 


11.70 The thin-walled hollow cylindrical member AB has a noncircnlar cross 
section of nonumform thickness. Using the expression given in Eq. (3.53) of Sec. 
3.13, and the expression for the strain-energy density given in Eq. (11.19), show 
that the angle of twist of member AB is 
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where ik is an element of the center line of the wall cross section and O is the area 
enclosed by that center line, 
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Problem 11.71 
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11.71 and 1L72 Each member of the truss shown has a uniform cross-sectional 
area A . Using the method of work and energy, determine the horizontal deflection 
of the point of application of the load P. 
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Problem 1 1 .72 
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11.71 and 1L72 Each member of the truss shown has a uniform cross-sectional 
area A. Using the method of work and energy, determine the horizontal deflection 
of the point of application of the load P. 
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Problem 11.73 


1 1.73 Each member of die truss shown is made of *stecl and has a uniform 
cross- sectional area of 1945 mm 2 . Using £ = 200 GPa. determine t lie vertical 
deflection of joint A caused by the application of the 100-kN load. 
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Problem 11.74 


11.74 Each member of the truss shown is made of steel and has a 
uniform cross-sectional area of 3220 mm 2 . Using E ~ 200 GPa, determine 
the vertical deflection of joint C caused by the application of the 60- kN load. 




Problem 1 1 .75 


11,75 Members of the truss shown are made of steel and have the cross-sectional 
areas shown. Using E ~ 200 GPa, determine the vertical deflection of joint C 
caused by the application of the 210-kN load. 
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Problem 1 1 .76 


11.76 The steel rod BC has a 24-mm diameter and the steel cable AH DC A as a 12- 





Problem 1 1 .77 


1 1*77 through 11.79 Using the information in Appendix D, compute the work of the 
loads as they are applied to the beam (a) if the load P is applied first, (b) if the couple 
M is applied first. 
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Problem 11.79 


1 1.77 through 11.79 Using the information in Appendix D, compute the work of the 
loads as they are applied to the beam (a) if the load P is applied first, (b) if the couple 
M is applied first. 





Problem 1 1 .80 


1 1*80 through 11.82 For the beam and loading shown, (a) compute the work of the 
loads as they are applied successively to the beam, using the information provided in 
Appendix D, (b) compute the strain energy of the beam by the method of Sec. 11.4 and 
show that it is equal to the work obtained in part a . 
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Problem 11.81 



JL80 through 11.82 For the beam and loading shown, («) compute the 
work of the loads as they are applied successively to the beam, using the 
information provided in Appendix D, {b) compute the strain energy of 
the beam by the method of Sec. 1 1 .4 and show that it is equal to the work 
obtained in part a. 
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Problem 11.82 



il.80 through 11.82 For the beam and loading shown, (a) compute the work of the 
loads as they are applied successively to the beam, using the information provided in 
Appendix E>, (< b ) compute the strain energy of the beam by the method of Sec. 1 1 .4 and 
show that it is equal to the work obtained in part a. 
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Problem 1 1 .83 


11.83 and 11.84 For the prismatic beam shown, determine the deflection 
of point D. 
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Problem 1 1 .84 


11.83 and 11.84 For the prismatic beam shown, determine the deflection 
of point D . 
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Problem 1 1 .85 


11.85 and 11.86 For the prismatic beam shown, determine the slope at 
point D. 
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Problem 1 1 .86 


11.85 and 1L86 For the prismatic beam shown, determine the slope at 
point D . 
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Problem 1 1 .88 


11,88 and 11.89 For the prismatic beam shown, detennine the deflection 
at point D> 
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Problem 1 1 .90 


11.90 and 1 l.9t For the prismatic beam shown, determine the slope at 
point D . 


v 

-IJ% — K-rt- 


Add Coopfc Mu poi^? t). 


U - U to -V Up. -V 


Over po*-h'tm AD : U Ao - ^ dx } M - R*x 


(\ - JsLlJ 
Ul> * 3 Mo 


> e ZEl 

4 . 


C J S>H, ~ L 


S4 m.= o. gfc , -gfjr£xV, 

- -Pft J./L'j 3 . Pq.L 

FIIX 3U / * ;?4£X 

- 

.Qg &c -&£idigj±.^£ : u D6 = L TcT <* v 


06 ZBX 


2H T _X 

7JM - i- V 


H * R e v - P(a+ v) - ?S^± ki. v - v - 1 «• £~= v - Pa ■ 

Set K.= o. §^“ " al 0 ! ^:f(v 2 -iv)jv 

-§jr[i(r) s - i-KfeD ^ s ] 


X B=x 
'* £J 

Oi/s^- po^ joy, [£ {£ » p| r ~ Po ' *-> 




- o 


/j * A - , °)Upe , PZ-ke - L PtL i Pg.L ^ A « P *iL £. 

'X * C/r> “ v^4 ‘ * a " 0*4 h - t ^ is cl + v-J £"X 


3 Ho 3M* 3K 


« EX ** El 


Proprietary Material. €> 2009 The McGra w-Hill Companies, lnc» AH rights reserved- No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 



Problem 1 1 .91 


IL90 and 11,91 For the prismatic beam shown, determine the slope at 
point D . 
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Problem 1 1 .92 


11.92 For the beam and loading shown, determine the deflection of point 
A. Use E « 200 GPa. 
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Problem 1 1 .93 


11.93 For the beam and loading shown, determine the deflection of point 
ft. Use £ - 200 GPa. 
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Problem 1 1 .94 


11.94 and 11.95 For the beam and loading shown, determine the 
deflection at point B. Use E ~ 200 GPa. 
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Problem 11,96 


11.96 For the beam and loading shown, determine the slope at end A. 
Use E - 200 GPa. 
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Problem 1 1 .97 


11.97 For the beam and loading shown, determine the deflection at point 
C. Use E - 200 GPa. 
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Problem 11,98 


1 1.98 For the beam and loading shown, determine the slope at end A. 
Use E - 200 GPa, 



S2tX> x 27.4 


0*i4s > PeftfS i UH j A>i f^4'ks i *n fa - 

£ - 2oo vi o* X - 2-3 tC f K<o^ 

EX * *2-(H> V 3.3 I r 4-7 Bd jctjM a 


AtffJ cfiopb M# <vi < 

?>vl A 

. Peo< 

■-hcM 1 • 


-/7-fi' + 

Ht. p - 
/.^ .> K a> " 


£k 

i-e 

u 


+• Vpg 


ce, r 

?>u 

PH* ? 

^>15ao 

5 Ha 

i 

PM* 




O^evA A 0 

0‘ 

■ %.< I<8 

M - 

- + 

r 

-m a 

-I7-GX 

+ S’* 





-/• ti 


* - (l 

- X'N 


Set Ha 5 <2. 



SU|VD 

sm* 

^ \ 
EX 


-I'H 

| (/7<>"X- 
6 

/7<S\A 

/•e* 

)*?* - o 

{cn.^CW) _ 

n-e (wfl 
i> 8 3 J 





/7'S5 










El 







O'/e* DB 

0< 

\J< 0**1 

M- 

-35 V 

S>M* 

^ o 

QX5dj3 

?Ma 

» o 



cq a 

r 

>7<8.'7 . _ 

£1 * ° 

2 

t7’$S~ 
4-1 J& 

* 3 * 

>75 x /o' 

-^A 



— 


Proprietary Material. © 2009 Tfie McGraw-Hill Companies, Inc. AH rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 



Problem 1 1 .99 



11.99 and HJOO Bach member of the truss shown is made of steel and 
has the cross-sectional area shown. Using E ~ 200 GPa, determine the 
deflection indicated. 

11.99 Vertical deflection of joint C. 
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Problem 1 1 ,1 00 


1 1.99 and 11J00 Each member of the truss shown is made of steel and 
has the cross-sectional area shown. Using E ~ 200 GPa, determine the 
deflection indicated. 

1L10G Horizontal deflection of joint C. 
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Problem 11.101 


11-101 and 11-102 Each member of the truss shown is made of steel 
and has the cross-sectional area shown. Using E — 200 GPn, determine the de- 
flection indicated. 

11.101 Vertical deflection of joint C\ 
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Problem 11.102 


11.101 and 11.102 Each member of the truss shown is made of steel 
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Problem 1 1 .1 03 



Gi t. B 


vToiMfc D 


11.103 and 11,104 Each member of the truss shown is made of steel 
and has a cross-sectional area of 500mm 2 . Using E - 200 GPa, 
determine the deflection indicated. 

11.103 Vertical deflection of joint B. 
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Problem 11.104 


11.103 and 11J04 Each member of the truss shown is made of steel 
and has a cross-sectional area of 500mm 2 * Using E =* 200 GPa, 
determine the deflection indicated* 



1L104 Horizontal deflection of joint B. 
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Problem 1 1 .1 05 



11.105 For the beam and loading shown and using Castigliano's theorem, 
determine (a) the horizontal deflection of point B , (b) the vertical 
deflection of point B. 
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Problem 1 1 .1 06 


11.106 For the uniform rod and loading shown and using Castigliano’s 
theorem, determine the deflection of point B. 
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Problem 11.107 



■ * ua 
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11,107 Two rods AB and BC of the same flexural rigidity EJ are welded 
together at /?. For the loading shown, determine (a) the deflection of 
point C i (/?) the slope of member BC at point C 
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Problem 1 1 .1 08 


IL10S A uniform rod of flexural rigidity EI is bent and loaded as shown. 
Determine (a) the horizontal deflection of point D, 0) the slope at point 
D. 
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Problem 1 1 .1 09 


i 1.109 A uniform rod of flexural rigidity FA is bent and loaded as shown. 
Determine (a) the vertical deflection of point D, (/;) the slope of BC at 
point C. 
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Problem 1 1 .1 1 0 


J1JJ0 A uniform rod of flexural rigidity El is bent and loaded as shown. 
Determine (a) the vertical deflection of point A , ( b ) the horizontal 
deflection of point A , 



AJU taovH z "poiA-c,* Q. act p o^t A 

0\A£/* AS ♦ 


|Pv + f GW 


- J-v 
3p ' 


at! - 


$ 


L M 1 


A 


S el a r o 


J 0 IE I 

~ EX^ M If ^ = ex 


O'Se* 8C * 


H 


TP 

~ EX J 

_ JL 
la 

i ’ ‘ . 
o 

£L» 

EX 

OgT 

> l 

El 

Cm 

J o 


_ a 

PL 3 



El 

L. \ 

51 ' 

+ fQ.L 

J 


3M 

3Q 


^ s El 




V 


3<L 


C _M 

o 7£I 




3P 

Sal Gt* O. 


2-M — (y - ~ \ I 

~^ KX ' 3 - i > 30 *■ t ~ 


2iW 

"S>P 

ILk - 

3Q 


El 

> 

El 


C. J- 

C M fW* 


S 


PL- 
15 £r 


" tcL p(*-VK#)U* ’“^C y -iVL •= ° 


(&) V<xli c<fr of A « 

C - D ^[3<t 

a P ' 2p 3p' 

(M Vjoif^owf A-f delfeg'f \~c>i^ oX poiwf A , 


s P - 


PL 3 

6 El 


4 


s a - 


2U« 3U 

* ?Q 


<0C. 


fifLl 

!» El 


S a - 3. IH3 §£ 


Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. AM rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using it without permission. 



Problem 11.111 


11-111 through 11.114 Determine the reaction at the roller support and 
draw the bending-moment diagram for the beam and loading shown. 
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Problem 11.112 


1.111 through 11.114 Determine the reaction at the roller support and 
draw the bending-moment diagram for the beam and loading shown. 
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Problem 11.113 


11.111 through 11,114 Determine the reaction at the roller support and 
draw the bending-moment diagram for the beam and loading shown. 
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Problem 1.1.114 


11. til through 11.114 Determine the reaction at the roller support and 
draw the bending-moment diagram for the beam and loading shown. 




Problem 1 1 .1 1 5 


11.115 Determine the reaction at the roller support and draw the 
bending-moment diagram for the beam and load shown. 
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Problem 11.116 


11.116 For the uniform beam and loading shown, determine the reaction 
at each support. 
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Problem 11.117 I1.117 through 1 L 126 Threemembersofthesamematerialand same cross-sectional area 

are used to support the load P, Determine the force in member BC. 



Defalt \*e\r 8C soppovi C* 

o~s CL Jt O^A « 

v ■- 'Z-mk * 2 felfL 


F, 


- 

3F C 


dr* p ffc L 


r o: F 0 -P + |F 8o --o 
iu 2 F x - o I f^ £ 1 1 Fee " o 


£ o — JT cr 

P, r ^r r*V 


f bs - -4 p + 4 F, 


M emitter 

F 

3F/?F C 

L 

F(?F/pr t >L 

BC 

8D 

B£ 

F c 

fP-#F c 
-iP + f £ 

1 

-f 

# 

V 

& 

1 

4 FU 

- + Jf FJ 

1 

B? + 6 FJ | 


(- f Pi + g F c i)= o F c * I? 


Proprietary Material © 2009 The McGraw-Hill Companies, Inc, AH rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using this manual is using It without permission. 



AS 


Problem 11.118 


11 J 17 through 1 J.120 Three members of the same material and same cross-sectional area 
are used to support the load P. Determine the force in member BC 
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Problem 11,119 


1 1.117 through 11.120 Three members of the same material and same cross-sectional area 
are used to support the load P. Determine the force in member BC . 
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Problem 11.120 


11.117 through 11.120 Three members of the same material and same cross-sectional area 
are used to support the load P. Determine the force in member BC. 
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Problem 11.121 



11-121 and 1 1.122 Knowing that the eight members of the indeterminate truss 
shown have the same uniform cross-sectional area, determine the force in member 
AB . 
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Problem 1 1 .1 22 11.121 and IU22 Knowing that the eight members of the indeterminate truss 

shown have the same uniform cross-sectional area, determine the force in member 
AB . 





Problem 11.123 


11,123 Rod AB is made of a steel for which the yield strength is 
= 450 MPa arid the modulus of elasticity is E = 200 GPa. Knowing that a 
strain energy of 7 N * in must be acquired by the rod as the axial load V is ap- 
plied, determine the factor of safety of the rod with respect to permanent 
deformation. 
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Problem 1 1 .1 24 


11.124 Taking into account only the effect of normal stresses, determine the strain 
energy of the prismatic beam AB for the loading shown. 
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Problem 11.125 



11.125 In the assembly shown torques X* and T# are exerted on disks A and B, 
respectively. Knowing that both shafts are solid and made of aluminum ( G " 73 
GPa), determine the total strain energy acquired by the assembly. 
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Problem 11.126 



IL126 A single 6-mm-diameter steel pin B is used to connect the steel strip DE to 
two aluminum strips, each of 20-mm width and 5-mm thickness. The modulus of 
elasticity is 200 GPa for the steel and 70 GPa for the aluminum. Knowing that for 
the pin at B the allowable shearing stress is Tail «* 85 MPa, determine, for the 
loading shown, the maximum strain energy that can be acquired by the assembled 
strips. 
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Problem 11.127 



- 1.05 in - 



11.127 The cylindrical block E has a speed v 0 — 4,8 m/s when it strikes 
squarely the yoke HD that is attached to the 2 2~nm> diameter rods AH and CIX 
Knowing that the rods are made of a steel for which <r Y = 350 MPa and 
E ~ 200 GPa, determine the weight of block E for which the factor of safety 
is 5 with respect to permanent deformation of the rods. 
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Problem 11.128 


11.128 A block of weight fVis placed in contact with a beam at some given point 
D and released. Show that the resulting maximum deflection at point D is twice 
as large as the deflection due to a static load W applied at D. 
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Problem 11.130 



11.130 The steel bar ABC has a square cross section of side 1 8 mm and 
is subjected to a 200-N load P. Using E *= 200 GPa, determine the deflection 
of point C 
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Problem 1 1 .1 31 


11.131 Each member of the truss shown is made of steel; the cross-sectional area 
of member BC is 800 mm 2 and for all other members the cross-sectional area is 
400 mm 2 . Using B “ 200 GPa, determine the deflection of point D caused by the 
60-kN load. 
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Problem 1 1 .1 32 


11432 A disk of radius a has been welded to end B of the solid steel shaft AB . A 
cable is then wrapped around the disk and a vertical force P is applied to end C of 
the cable. Knowing that the radius of the shaft is r and neglecting the 
deformations of the disk and of the table, show that the deflection of point C 
caused by the application of P is 



Pi 3 

GET 




? l oX 


i&s 

C EX 

Pal . 

_BL 

GJ + 

3 EX 

Si^ce 

J - ZI 



Proprietary Material. © 2009 The McGraw-Hill Companies, Inc. Ail rights reserved. No part of this Manual may be displayed, reproduced, or 
distributed in any form or by any means, without the prior written permission of the publisher, or used beyond the limited distribution to teachers 
and educators permitted by McGraw-Hill for their individual course preparation. A student using tins manual is using it without permission. 



Problem 1 1 .1 33 
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ID E 


1L133 For the prismatic beam shown, determine the deflection of point £>. 
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Problem 11.134 


11.134 Three rods, each of the same flexural rigidity El, are welded to form the 
frame ABCD. For the loading shown, determine the angle formed by the frame at 
point D. 
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PROBLEM 


Element n 

/ 


Element i 


Element I 


11*01 A rod consisting of n elements, each of which is homogeneous 
and of uniform cross section, is subjected to a load P applied at its free end. 
The length of element i is denoted by L, and its diameter by d h (a) Denoting 
by E the modulus of elasticity of the material used in the rod, write a computer 
program that can be used to determine the strain energy acquired by the rod 
and the deformation measured at the free end. (6) Use this program to deter- 
mine the strain energy and deformation of the rods ofProbs. 1 1 ,9 and II 10 


SOLUTION 
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Problem 11 , 9 
Axial load - LM 


Modulus of elasticity « 2.00 &pci 


Element Length delta L Stress Strain Energy Strain Energy Density 

m mM aaA i Kt/m* 

1 o'k o<$z r 7^777 

2 f'5 0t$}h in*q 


Total Strain Energy = z3*7/£ J~ 

Total Deformation « /* >km 


Problem 1L10 


Axial load * 25.000 kN Modulus of elasticity = 200 GPa 

Element Length delta L Stress Strain Energy Strain Energy Density 


0,497 

0.477 


124.34 

79.58 


kJ/m"3 

38 * 65 
15.83 


Total Strain Energy 
Total Deformation 


12.1853 J 
0.9748 mm 



PROBLEM 11.C2 
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11, C2 Two 18 X 150-mm cover plates are welded to a W200 X 26.6 
rolled-steel beam as shown. 'Hie 670-kg block is to be dropped from a height 
h — 50 mm onto the beam, (a) Write a computer program to calculate the max- 
imum normal stress on transverse sections just to the left of D and at the 
center of the beam for values of a from 0 to K5 rn using 125-mm increments, 
(i b ) From the values considered in part a , select the distance a for which the 
maximum normal stress is a small as possible. Use E — 200 GPa. 
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PROBLEM 11.C2 - CONTINUED 
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PPoPPftM OUTPUT 
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Use smaller increments to seek: the smallest maximum normal stress 
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& 0* %t0$> /f«$ /4£<*/7 fv4* 74 iW'* blf o<| 


Max stress small as possible for a ** 
Smallest max stress ** /44*£ 5*/Vt • 



PROBLEM 11.C3 


1 1 .C3 The 16-kg block D is dropped from a height h onto the free end 
of the steel bar AB. For the steel used cr a! | = 120 MPa and E - 200 GFa. (a) 
Write a computer program to calculate the maximum allowable height h for 
values of the length L from 100 mm to 1.2 m, using 100-mm increments, (b) 
From the values considered in part a , select the length corresponding to the 
largest allowable height. 


SOLUTION 
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Problem 11. C3 


m * xb.O kg d * 24 iran a * 120 MPa G * 200 GPa 


h 

ystat 

ymax 

Pmax 

Mmax 

h 

mm 

mm 

mm 

N 

N-m 

mm 

100 

0.00946 

0.167 

2764.8 

276.48 

1.301 

200 

0.07569 

0.667 

1382.4 

276.48 

2.269 

300 

0.25547 

1.500 

921.6 

276.48 

2.904 

400 

0.60556 

2.667 

691.2 

276.48 

3.205 

500 

1.18273 

4.167 

553.0 

276.48 

3.173 

600 

2.04375 

6.000 

460.8 

276.48 

2,807 

700 

3.24540 

8.167 

395.0 

276.48 

2.109 

800 

4,84445 

10.667 

345.6 

276.48 

1.076 

900 

6.89766 

13.500 

307.2 

276.48 

-0.289 

1000 

9.46181 

16.667 

276.5 

276.48 

“1.988 

1100 

12.59367 

20.167 

251.3 

276.48 

-4.020 

1200 

16.35000 

24.000 

230.4 

276.48 

-6 .385 

Use 

smaller increments to 

seek the 

largest height 

h 

435 

0.77883 

3.154 

635.6 

276.48 

3.2316 

440 

0.80599 

3.227 

628.4 

276.48 

3,2320 

445 

0.83378 

3.300 

621.3 

276.48 

3.2317 





PROBLEM 11X4 



11. 04 The block D of mass m — 8 kg is dropped from a height 
h ~ 750 mm onto the rolled-steel beam AB. Knowing that E ~ 200 GPa, 
write a computer program to calculate the maximum deflection of point E and 
the maximum normal stress in the beam for values of a from 100 to 900 mm, 
using 100-mm increments. 
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Problem 11. C4 
Beam; W 150 x 13.5 

X « 6.87 Xl0*-6 ttT4 S * 9l„6xlO A ~6 m~3 
h = 1.8 m h » 750 mm m « 8 kg g « 9.81 m/s~2 


ys tat 
mm 


0,0003 

0.0011 

0.0021 

0*0033 

0*0045 

0.0055 

0*0063 

0*0068 

0.0069 


0*6775 

1.2757 

1*7946 

2.2339 

2.5936 

2.8734 

3*0734 

3.1934 

3.2334 


Pmax 


N 
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PROBLEM 11.C5 



11, C5 The steel rods AB and BC are made of a steel for which 
cr Y ~ 300 MPa and E “ 200 GPa. (a) Write a computer program to calcu- 
late, for values of a from 0 to 6 m, using l~m increments, the maximum strain 
energy that can be acquired by the assembly without causing any permanent 
deformation, (b) For each value of a considered, calculate the diameter of a 
uniform rod of length 6 m and of the same mass as the original assembly, and 
the maximum strain energy that could be acquired by this uniform rod with- 
out causing permanent deformation. 
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P roblem 11C5 

sigmaY * 300 MPa, Pm « 8482 N, h « 6 m, E * 200 GPA 


a 

U 

Vol 

d 
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newU 

m 

J 

m"3 

mm 

N 

J 

0.00 

38.17 

169.65 

6.00 

8482.30 

38.17 

1.00 

34.10 

219.91 

6.83 

10995.58 

49.48 

2.00 
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270.18 

7.57 

13508.85 

60.79 

3.00 

25.96 

320.44 

8.25 

16022.12 

72.10 

4.00 

21.88 

370.71 

8.87 

18535.40 

83,41 

5,00 

17.81 

420.97 

9.45 

21048.67 

94.72 

6.00 

13.74 

471.24 

10.00 

23561.95 

106.03 
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PROBLEM 1LC6 


11 .06 A 72~kg diver jumps from a height of 0.5 m onto end C of a div- 
ing board having the uniform cross section shown. Write a computer program 
to calculate for values of a from 250 to 1250 mm, using 250- mm increments. 
(a) the maximum defection of point C. ( b ) the maximum bending moment in 
the board, (e) the equivalent static load. Assume that the diver’s legs remain 
rigid and use E ~ 12 GPa. 
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